Abstract. In a search for new white dwarfs in DR12 of the Sloan Digital Sky Survey, Kepler et al. (2016) found atmospheric parameters for thousands of objects with effective temperatures below 20,000 K and surface gravities between 5.5 < log g < 6.5. They classified these objects as cool subdwarfs -sdA -and speculated that many may be extremely low-mass (ELM) white dwarfs (helium-core white dwarfs with masses below 0.3 M ). We present evidence -using radial velocities, photometric colors, and reduced proper motions -that the vast majority (>99%) of these objects are unlikely to be ELM white dwarfs. Their true identity remains an interesting question.
Introduction: Thousands of new cool subdwarfs from SDSS
In their search for new white dwarfs in the Sloan Digital Sky Survey (SDSS) Data Release 12 (DR12), Kepler et al. (2016) uncovered a curious population of 2675 stars, which they spectroscopically classified as sdA (see also proceedings here by Pelisoli et al. 2016) . The sdA have hydrogen-dominated spectra with best-fitting atmospheric parameters of 5.5 < log g < 6.5 and T eff < 20,000 K. Kepler et al. (2016) proposed many of these may be extremely low-mass (ELM) white dwarfs.
ELM white dwarfs with masses <0.3 M cannot have formed in isolation within a Hubble time and by necessity must have close companions. Many have recently been found by the ELM Survey (see, most recently, Brown et al. 2016a ). The 76 ELM white dwarfs with orbits solved so far in the ELM Survey have a median orbital period of 5.4 hr, median radial-velocity (RV) semi-amplitude of K 1 = 207 km s −1 , and median log g = 6.15 cgs. A significant number of ELM white dwarfs have also been found as companions to millisecond pulsars (see Table 4 in the review of Lorimer 2008) .
Since ELM white dwarfs are the stripped cores of red giants that fail to begin core helium burning, close binarity is a defining characteristic of all ELM white dwarfs. All binaries from the ELM Survey have P orb < 25.8 hr and are detached (non-interacting); in most cases, this is only possible if both components are compact objects. Using eclipses and ellipsoidal variations, radius constraints on these ELM white dwarfs are consistent with objects having stellar radii less than 0.2 R (e.g., Hermes et al. 2014; Gianninas et al. 2014; Bell et al. 2016) .
Comparing known ELM white dwarfs to sdA
All SDSS spectroscopic observations are composed of subspectra, typically 3 consecutive 15-min exposures. These data have been exploited since DR6 to search for short-period post-common-envelope binaries (e.g., Nebot Gómez-Morán et al. 2011) . Using a code to search for RV variability using SDSS subspectra (Breedt et al. 2017) , we have fitted the sdA and the ELM white dwarfs with solved binary paramaters (Brown et al. 2016a ). The distribution of maximal RVs deduced for these objects are shown in Figure 1 . Left: The maximal velocity change among the SDSS subspectra, ∆V, as well as the median velocity uncertainty for the 30 solved ELM white dwarfs with SDSS subspectra. 15 of the 30 (50%) show significant (>3σ) RV variability, which we mark in blue. Further details for each individual system can be found in Table 2 . Right: SDSS subspectra variability of the sdA objects from DR12 proposed by Kepler et al. (2016) . Just 31 of the 2518 with useable subspectra (1.2%) show >3σ RV variability, and are outlined in Table 1 . However, in only three cases (0.1%) is that variability evident in a single night of subspectra; all 15 of the >3σ RV variable ELM white dwarfs vary on the timescale of <1 hr.
We show that half of all known ELM white dwarfs (15 of 30) show >3σ variability in the SDSS subspectra. The orbital parameters for the >3σ variables all have P orb < 25.8 hr (median 4.5 hr) and K 1 > 55 km s −1 (median 234 km s −1 ). Those without significant variability either have K 1 < 130 km s −1 , P orb < 1 hr, or g > 19.5 mag. The ultracompact 12.75-min ELM binary J0651+2844 (Brown et al. 2011 ) is one of the 30 with subspectra but is not significantly detected, since each 15-min subspectra covers more than a full orbit. All 15 objects with >3σ variability show that variability within a single night, and 13 of the 15 show maximal RV variations of > 200 km s −1 .
In contrast, just 31 of the 2518 sdA with useable subspectra show >3σ RV variability; the sdA appear drawn from a significantly different population than the ELM white dwarfs when it comes to short-period RV variability. Only three sdA show varibility in a single night of subspectra, and in one of those three cases the sdA has a clear dM companion: SDSSJ084303.34 +442503.1 (g=20.7 mag). Only nine of the 31 objects with >3σ variability show maximal RV variations of > 200 km s −1 . Details of each variable sdA can be found in Table 1 , and can be compared to the 30 known ELM white dwarfs with SDSS subspectra in Table 2 .
Furthermore, we can compare both the known ELM white dwarfs and the sdA in color-color space. In Figure 2 we show photometry for the 30 known ELM white dwarfs with SDSS subspectra, which are all single-lined spectroscopic binaries with companions contributing < 5% to the optical flux. On the other hand, photometry of the sdA shown in Figure 3 show considerably more scatter, especially in the r − i and i − z planes. Figure 2 . Color-color plots show SDSS photometry for the 30 known ELM white dwarfs with SDSS subspectra. Those marked in blue show >3σ RV variability. Most informative are the u-g, g-r colors, which have been exclusively used in the ELM Survey to select ELM white dwarfs (e.g., Brown et al. 2016a) . ELM white dwarfs still have small radii (more comparable to Neptune than Earth), meaning they are relatively close: We show reduced proper motions in the right panel, following Gentile Fusillo et al. (2015) . Figure 3 . Color-color plots show SDSS photometry for the sdA from SDSS DR12 Kepler et al. (2016) . As above, those marked in blue show >3σ RV variability. sdA do not appear to follow a distinct track in any color-color plot, but rather show significant scatter. Some sdA could be merger remnants, but their low reduced proper motions makes that unlikely.
Conclusions: sdA from DR12 are thus overwhelmingly not ELM white dwarfs
We have shown that, unlike known ELM white dwarfs, the vast majority of sdA in DR12 from Kepler et al. (2016) do not show short-period RV variability within their SDSS subspectra, and are thus not currently in short-period binaries. Close binarity is a requirement to form an ELM white dwarf. Brown et al. (2016b) find that the majority of low-mass white dwarfs that have been found in the ELM survey should merge within a Hubble time. Thus, the population of sdA objects could be the merged endpoints of previously close ELM white dwarf binaries. However, the majority of sdA do not have significant reduced proper motions, suggesting they have much larger radii than would be expected of a merged ELM white dwarfs. We thus conclude that the sdA from DR12 are overwhelmingly not extremely low-mass white dwarfs.
While this work is dedicated to establishing that the sdA are not ELM white dwarfs, it is tempting to consider what in fact they are. Given their spread in color-color space, as well as small reduced proper motions, it is possible that some sdA are simply A-and F-stars with low S/N spectra and contamination of the higher-order Balmer lines, artificially increasing the fitted log g. However, some of these objects may indeed be blue stragglers, low-metallicity field halo stars or other intriguing objects at the final stages of stellar and/or binary evolution, making their overall identity an interesting open question. Distances deduced from GAIA parallaxes should provide sufficiently accurate estimates of the radii of these objects to better illuminate the sdA population before the 21st European White Dwarf Workshop.
Given this potentially large population of stars masquerading as lowsurface-gravity white dwarfs, it would be wise to only define an ELM white dwarf as an object with confirmed short-period RV variability, such that it must be a compact object to remain detached from its close binary companion. To date, there are 12 published objects with log g > 5.0 discovered by the ELM Survey that do not show RV variability, to limits of roughly 30 km s −1 (Brown et al. 2016a) ; the majority of those 12 non-variable objects have T eff 8000 K, likely making them much more akin to the sdA than low-mass white dwarfs.
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